Introduction
Data and empirical experience have shown that cats undergoing anesthesia continue to have an increased mortality rate compared with dogs. 1, 2 These Guidelines address specific causes of this disparity and ways of avoiding perioperative complications associated with monitoring, airway management, fluid therapy and recovery. Additionally, the Guidelines discuss other important aspects of feline anesthesia, including perianesthetic anxiety and stress, perianesthetic monitoring by physical and electronic means, the role of underlying diseases such as hypertrophic cardiomyo pathy (HCM), the correct use of anesthesia equipment, and total injectable anesthesia.
Although pain mitigation is integral to anesthesia, anesthesia techniques should not be confused with pain management, which is the subject of previously published clinical guidelines. 3 Using both sets of Guidelines together will allow the practitioner to provide comprehensive perianesthetic care.
Anesthesia equipment: safety considerations for feline patients
Anesthetic equipment is considered 'life-critical' because the wellbeing of patients can be adversely affected if equipment is functioning sub optimally or is used incorrectly. Table 1 lists the essential and recommended anesthesia equipment for cats. Equipment must be well maintained and tested at scheduled times (Table 2 ).
Essential equipment
< IV catheters -20 and 22 G < Face masks < Endotracheal tubes with a Murphy eye; variety of sizes (2.0-5.5 mm), cuffed or uncuffed < Laryngoscope and appropriate blade and size: eg, Miller, Cranwall or Seward, size 0-2 < Anesthesia machine with out-of-circuit vaporizer < Non-rebreathing anesthesia circuit with manometer < Safety pop-off relief valve < Esophageal stethoscope < Thermometer < Blood pressure monitor < Pulse oximeter with waveform display Recommended additional equipment < High-pressure breathing circuit alarm < End-tidal carbon dioxide (ETCO 2 ) monitor with waveform display < Fluid pump < Electrocardiograph Table 1 Anesthesia equipment JFMS CLINICAL PRACTICE 603
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Anesthesia machines and breathing circuits are designed to deliver oxygen and inhalant anesthetic agents and prevent rebreathing of carbon dioxide (Co 2 ). Leak testing the circuit before use in each patient ensures oxygen will flow to the patient and that there is minimal leakage of waste anesthetic gases. The steps required for leak testing are described in the box on page 604.
Two essential safety features are: 1) an incircuit manometer, and 2) a safety pop-off relief valve (Figure 1) .
A manometer allows safe delivery of manual and mechanical breaths, and checking of the seal between the endotracheal tube (ETT) cuff and trachea. Safety pop-off relief valves prevent excessively high airway pressures and potential barotrauma. These devices can be installed on most anesthesia machines for use with non-rebreathing or rebreathing circuits. The risk of high airway pressures is significant in cats because of their small lung capacity (~400 ml in an average sized cat);
Equipment
Routine maintenance
Breathing circuits
< Leak test prior to each anesthetic < Cleaning*: wash in warm water between patients; hang to air dry
Endotracheal tubes (ETTs)
< Leak test ETT cuff prior to each use < Cleaning*:
1) Thoroughly clean inside ETT using bottle brush and warm water 2) Discard if patient has respiratory disease
CO 2 absorbents
< Replace granules (granules become dry due to CO 2 absorption from patients and exposure to air) † : 1) Single canisters -after every 8 h of use 2) A system for recording hours and date(s) of use (eg, a tag attached to the canister) should be in place high-pressure leak test, replace parts, and recalibrate every 3 years (requires outside maintenance service) *Disinfectants such as Virkon (DuPont), chlorhexidine and accelerated hydrogen peroxide are often used; the manufacturer's instructions for dilution, contact time and rinsing must be strictly adhered to † The need to change CO 2 absorbents is highly variable and depends on several factors including, but not limited to, the size of the canister, oxygen flow rates and humidity. If end-tidal CO 2 is being monitored, exhaustion of the absorbent can be tracked (one cause of a rise in inspired CO 2 levels is exhausted CO 2 absorbents) 
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S t e p s r e q u i r e d f o r l e a k t e s t i n g a n e s t h e s i a c i r c u i t s Secondary test for coaxial non-rebreathing circuit (eg, Bain circuit)
< Turn on the flow meter. < When the end of the fresh gas flow tube is occluded with the end of a pen or pencil, the bobbin or ball in the flowmeter should drop due to back pressure. As soon as the bobbin or ball starts dropping remove the pen/pencil.
Note: In some modern Bain circuits this test will not work due to side holes at the end of the circuit.
Common sites for leaks Non-rebreathing circuits:
< Hole in reservoir bag < Tubing connections < Tubing of expiratory limb of breathing circuit
Rebreathing circuits:
< Seals around CO 2 absorbent canister < Hole in reservoir bag, breathing hoses or Y-piece adapter < Seals or cracks in one-way valve covers If a leak is found in the reservoir bag or circuit tubing, the bag or circuit should be discarded
If there is a leak: < With both ends of the circuit occluded (pop-off valve closed and the patient end occluded), determine the size of the leak by turning the oxygen flow rate up until the pressure stops dropping (ie, the amount of oxygen added to the circuit equals the amount leaking out). A leak of <200 ml/min is acceptable.
< Determine the location of the leak by listening for hissing as oxygen escapes through the leak. Alternatively, spray soapy water around all connections and look for bubbles.
the high oxygen flow rates used with nonrebreathing circuits (NRCs) can lead to damage of the cat's airway in less than 30 s.
Another option is to insert a high pressure alarm between the common gas outlet and the circuit; this does not allow escape of gas but emits a loud noise if the pressure in the circuit rises ( Figure 2 ).
Anesthesia circuits
NRCs are widely used in feline anesthesia because they offer less resistance than a rebreathing circuit, which is an important consideration in small patients. Rebreathing of Co 2 is prevented by high oxygen flow rates; ⩾200 ml/kg/min is usually recommended but rebreathing can be monitored with a capnograph, allowing the flow rate to be set so that inspired Co 2 is <5 mmHg. Another benefit of NRCs is their low equipment dead space. The Panel recommends using NRCs in all cats, but modern circle systems with lightweight plastic rebreathing valves and minimal dead Monitor inspired CO 2 to assess rebreathing of CO 2 and the need for higher or lower oxygen flow rates. With an active scavenging system, higher oxygen flow rates may be needed (this will not harm patients) Table 3 Comparison of non-rebreathing and rebreathing anesthesia circuits space can also be used safely in cats >3 kg (6.6 lb). The oxygen flush valve should never be used when a cat is connected to an NRC. Rebreathing circuits (eg, circle systems) depend on functional one-way valves to ensure gas flow in one direction, and Co 2 absorbents to prevent rebreathing of Co 2 . Benefits include lower oxygen flow rates (compared with NRCs), less use of inhalant agents and less waste anesthetic gas. Pediatric rather than adult breathing hoses are recommended as they have lower equipment dead space. Tables 3 and 4 provide a quick reference guide to the two types of anesthesia breathing circuits, suggested oxygen flow rates and reservoir (rebreathing) bag size based on circuit type and the cat's body weight.
it is important to minimize equipment dead space. Common sources include the patient end of breathing circuits (Figure 3 ), sidestream capnograph adapters (Figure 4 ), inline capnographs and elbow adapters. At the same time, it is important not to increase airway resistance, so the diameter of the capnograph adapter should always exceed the internal diameter of the ETT (Figure 4c ).
Excessive equipment dead space leads to rebreathing of Co 2 and decreases the effective tidal volume available for gas exchange. Dead space should be ⩽2-3 ml/kg, which is ⩽20% of tidal volume. A single elbow adapter may add up to 8 ml of dead space, which can be excessive in small cats. investment in pediatric circuits and low dead space adapters is recommended.
The federal government of the United States has not established official standards for environmental control of waste anesthetic gases. The occupational Safety and Health Administration (oSHA) provides advisory guidelines and some US states have specific regulations. This Panel strongly recommends scavenging of waste anesthetic gasesespecially with active systems, which are more effective than passive scavenging systems (eg, activated charcoal canisters). For more information consult the American College of Veterinary Anesthesia and Analgesia position statement on the control of waste anesthetic gases in the workplace: www.acvaa.org/docs/Position_ Statements.
Preanesthetic assessment
Patient history obtaining a complete patient history from an owner can be challenging. For example, history regarding food and water intake, and urinary and fecal output may be unknown in cats that spend time outdoors and also in multi-cat households. Cats often show no obvious clinical signs early in a disease process because the signs are subtle and go unnoticed or are assumed to be 'normal' (eg, decreased mobility with age). Many owners are also unaware that their 'apparently healthy' cat is over-or underweight. 4 Therefore, a thorough physical examination and appropriate preanesthetic laboratory testing is important in all cats presented for general anesthesia. The history gathering process can be enhanced by the development of a standardized questionnaire or discussion points document, such as the one presented in the AAFP-AAHA Feline Life Stage Guidelines.
5
Patient physical examination All cats should have a preanesthetic physical examination that evaluates their signalment, physiologic parameters and all body systems. These results should be compared with those from previous visits, if available, to identify any potential trends. if a cat is anxious or stressed during this time, several physiologic variables, including heart rate, blood pressure and respiratory rate, can be elevated, and it may not be possible to complete the examination. 6 Practice teams are often faced with cats that are fearful and difficult to handle. Many of these challenges can be overcome with team training as detailed in the AAFP and iSFM Feline-Friendly Nursing Care Guidelines and Feline-Friendly Handling Guidelines. 7, 8 Pre-hospital administration of gabapentin is highly recommended for many cats to reduce the fear response, decrease stress and facilitate physical examination. 9, 10 in this setting gabapentin is used as an anxiolytic to decrease negative emotions including fear, which can lead to unwanted behaviors including aggression. 11 Figures 5 and 6 summarize key components for working with these cats.
if the procedure is elective and the cat has become distressed, a viable option is to reschedule with a plan to address fear before the cat returns to the hospital. Without a complete physical examination, the potential for missing or misdiagnosing comorbidities is significantly increased, thereby increasing anesthetic risk.
Preanesthetic laboratory tests
The decision to perform preoperative testing should be based on the history and physical examination findings, perioperative risk assessment, clinical judgement and practice policy. Abnormal test results may reveal problems not identified from the physical examination and history, and lead to modification of the anesthetic plan. 12 A minimum database should be developed based on individual patient assessment (Table 5) .
Because many cats are stressed at the time of presentation, physical examination and laboratory results may reflect this, making interpretation difficult; for example, is the blood glucose, heart rate and blood pressure elevated due to a disease process or stress? 6 if feline friendly handling techniques have failed, it is in the best interests of the patient to forego physical restraint to obtain laboratory samples and consider chemical restraint. 8 if chemical restraint is used, the practitioner should understand the impact that some drugs may have on the physical examination and laboratory data. one example is dexmedetomidine, which produces a decrease in heart rate, changes in the echocardiogram, and increased blood pressure and blood glucose values. 18, 19 A retrospective study of preanesthetic blood screening of cats with a mean age of 11.6 years reported that approximately 16% had abnormal results that were concerning for the clinician and that, in 1% of these cases, no canned food 3 h before surgery reduced the incidence of GER in one study but not another, and shorter fasting times were associated with less acidic reflux. other factors, including preanesthetic and anesthetic drugs, procedure, age and position during surgery, also influence GER. Long fasting times do not necessarily ensure that a cat's stomach will be empty. Stress, meal size and lack of dietary moisture can slow gastric emptying. Therefore, the anesthetist must always be prepared for perioperative vomiting. Although there are no data in cats, shorter fasting times (3-4 h) with provision of a small wet food meal 3-4 h before anesthesia may be adopted at the clinician's discretion. Water should be available until the time of premedication.
Patient temperament
The increased release of catecholamines in fearful or stressed cats leads to tachycardia, systemic hypertension and/or tachypnea, all of which can increase the risks associated with anesthesia. 17 For these reasons the Panel emphasizes the importance of respectful handling and the pre-visit use of gabapentin or other chemical restraint when needed.
Surgical procedure and risk
The authors of the confidential enquiry into perioperative small animal fatalities (CEP-SAF) study reported that the intended procedure (minor vs major) and procedural urgency were risk factors for anesthetic-related death. 2 The low mortality rate in young healthy cats undergoing elective neutering procedures supports these findings. 29 abnormalities had been identified from the history or physical examination; as a result anesthetic protocols were changed or the procedure postponed in 9% of the cases. 12 Annual testing for hyperthyroidism is recommended, starting between the ages of 7-10 years, because it affects up to 10% of cats aged 10 years and older. 13, 14, 20, 21 Depending upon the patient's history, signalment and physical examination results, other specific tests such as electrocardiography, thoracic radiography, echocardiography and N-terminal pro-brain natriuretic peptide (NT-proBNP) screening may be indicated. 22 Cardiomyopathy is often a 'silent' disease in cats and NT-proBNP screening should be considered in at-risk breeds. 15, 16, [22] [23] [24] This test is reported to have a 90% sensitivity and 85% specificity in detecting cats with asymptomatic heart disease. 25 The NT-proBNP test has also been shown to help differentiate cardiac from non-cardiac disease in dyspneic cats and is a useful tool in cats that are not good candidates for other diagnostic testing, such as thoracic radiography and echocardiography, because of their physical status. 16, 22, 26 
Fasting
The goal of preoperative fasting is to reduce the volume of stomach contents, and prevent gastroesophageal reflux (GER), regurgitation and aspiration. Withholding food for 6-12 h prior to anesthesia or instructions for 'nothing after midnight' have traditionally been recommended but are not evidence based. Studies on the duration of fasting on GER are conflicting in dogs. 27, 28 Feeding a small meal of NT-proBNP* ± ± ± ALP = alkaline phosphatase; ALT = alanine aminotransferase; BUN = blood urea nitrogen; CBC = complete blood count; ECG = electrocardiography; NIBP = non-invasive blood pressure; NT-proBNP = N-terminal pro-brain natriuretic peptide; RBCs = red blood cells; T4 = thyroxine; TP = total protein; WBCs = white blood cells *Specific tests indicated based on physical examination findings and signalment † In some jurisdictions, regulations do not allow personnel to hold animals for radiography; therefore, the pros and cons of sedation or anesthesia must be weighed against the benefits of obtaining images 30 Abnormal test results in apparently healthy animals should be considered carefully along with the history and physical examination findings as they may or may not be clinically significant. [12] [13] [14] 31 American Society of Anesthesiologists' (ASA) physical status classification ASA assessment is a means of cat egorizing levels of preanesthetic health, not the patient's risk of anesthetic complications. Differentiating healthy from sick patients is important for creating anesthetic plans that minimize risk, and assigning an ASA status is one way to achieve this ( Table 6 ). The potential for occult disease in cats means it can be difficult to accurately assign them to an ASA category. Because ASA status is subjective, this Panel does not consider it essential for every patient, although it may be beneficial in anesthetic planning. one feline study that evaluated age and ASA physical status as risk factors for perianesthetic morbidity and mortality found that ASA status rather than age was a better predictor of perianesthetic complications. Cats with an ASA status of 3 or higher had a significantly increased risk of complications. 32 Another study found that age (>12 years) was a risk factor independent of ASA status. 
Life stages
During preanesthetic assessment and planning there are specific factors to consider depending upon the life stage of the cat ( Figure 7) . 5 Feline friendly handling and risk of hypothermia are applicable to all cats.
Class Preoperative health status

PS 1
Normal patient with no organic disease; eg, elective neutering procedure
PS 2
Patient with mild systemic disease; eg, skin tumor or fracture without shock
PS 3
Patient with severe systemic disease limiting activity but not incapacitating; eg, well controlled diabetes mellitus
PS 4
Patient with incapacitating systemic disease that is a constant threat to life; eg, perforated small intestine and severe hypovolemia
PS 5
Moribund patient not expected to live 24 h without surgery; eg, severe trauma and shock PS = physical status 
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Comorbidities
The purpose of this comorbidity section is to raise awareness in the practice team of the increased likelihood of the presence of concurrent illness, and the intent of these Guidelines is to highlight the salient factors associated with each comorbidity. For more indepth information regarding each co morbidity, readers are directed to the listed references.
An extremely important perioperative consideration is that many anesthesia candidates will have comorbidities; some may be sub clinical (eg, HCM) or undiagnosed at the time of anesthesia and some may or may not be well controlled.
Hypertrophic cardiomyopathy 33,39,40
The use of alpha(α) 2 -adrenergic agonists in cats with HCM is controversial.
one reference (using medetomidine) suggests a beneficial reduction in outflow obstruction in cats with left ventricular outflow tract obstruction, which is a subset of HCM. 41 one concern is that the increase in afterload associated with α 2 -adrenergic agonist administration or stress will decrease cardiac output in cats with HCM. Another concern is that dexmedetomidine alone or combined with other drugs causes changes in atrial and ventricular size and function, and may influence interpretation of echo cardiographic variables and thoracic radiographs. 19, 42, 43 The benefit of reducing patient stress, preventing tachycardia, and reducing inhalant anesthetic requirements may outweigh the potential risks associated with low doses of α 2 -adrenergic agonist drugs. Echocardiographic measurements have been reported in healthy cats before and after intramuscular alfaxalone (2 mg/kg) combined with butorphanol (0.2 mg/kg), which provided good short-lasting sedation. 44 Although the differences recorded for most echocardiographic measurements were not clinically significant after sedation, 44 this has not been confirmed in cats with HCM.
Hyperthyroidism 21,33,39,45
Since hyperthyroidism affects multiple systems, it is desirable to obtain a euthyroid state prior to an elective anesthetic procedure by starting antithyroid medication 2-3 weeks prior to the procedure and rechecking total thyroxine levels at the end of this period. This allows assessment of renal function based on the euthyroid state. if a thyrotoxic cat requires emergency anesthesia for an unrelated problem and has significant tachycardia (>200 bpm), a beta blocker such as atenolol, at 1 mg/kg Po q12-24h, can be started prior to anesthesia. However, if during anesthesia the heart rate increases above 220 bpm with an adequate depth of anesthesia, start a constant rate infusion (CRi) of esmolol with a loading dose of 0.1-0.5 mg/kg iV over 1 min, followed by a CRi of 100-200 µg/kg/min.
36,45,46
Renal disease 33, 39 Preanesthetic fluid therapy may be of value to restore normovolemia and hydration.
international Renal interest Society (iRiS) staging (www.iris-kidney.com) should be used to guide therapy. intravenous administration of a balanced electrolyte solution for ⩾4 h at 3-5 ml/kg/h, or based on a daily maintenance dosage calculated as 80 x body weight (kg) 0.75 per 24 h, 47 has been suggested by some clinicians prior to anesthesia in cats with iRiS stage ⩾3 kidney disease.
Proactive monitoring and management of blood pressure is essential in the perianesthetic period. intravenous fluid therapy should be maintained in recovery until the patient can eat and drink. For cats receiving enalapril, discontinuation 24-48 h prior to anesthesia may reduce the risk of intraoperative hypotension.
48
Diabetes mellitus 49 As with other comorbidities, ideally diabetic patients should be well regulated prior to any anesthetic procedure. Whether or not insulin is required during the perioperative period is based on blood glucose values prior to the procedure. The following recommendations have been made: < if blood glucose is <8 mmol/l (<145 mg/dl) no insulin is required; < At 8-15 mmol/l (145-270 mg/dl) half the cat's regular dose of insulin is given; < At >15 mmol/l (>270 mg/dl) the full dose of insulin is administered. 49 These patients should be scheduled to be the first anesthetic case of the day so that they can be discharged the same day in order to return to their normal eating behaviors and insulin regimen without disruption. Pre-and intraoperative monitoring (every 30 mins) of blood glucose is recommended. Verifying glucose levels in recovery may be necessary, particularly if insulin has been given during anesthesia and if the patient is not eating. If blood glucose falls below 3 mmol/l (54 mg/dl), 0.25-0.5 g/kg of dextrose is given as an IV bolus; and if severe hyperglycemia occurs (>30 mmol/l, 540 mg/dl), the cat's normal insulin dose is given. At blood glucose levels between these extremes balanced electrolyte solutions with or without dextrose (2.5-5%) can be used based on results of monitoring.
49
Asthma or lower airway disease 39, 50 Complications related to sedation and/or general anesthesia can be significantly increased in cats with lower airway disease. JFMS CLINICAL PRACTICE 611
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Although there are no specific anesthetic protocols in veterinary medicine for asthma, as there are in people, there are some recommendations: < Maintain the patient on its asthma management medications up to and including the morning of anesthesia. < Use preanesthetic sedation (eg, gabapentin, butorphanol, acepromazine) to reduce stress. < if tolerated, preoxygenate with 100% oxygen for 3-5 mins by face mask or flow-by before anesthetic induction. < Place an iV catheter. < Always be prepared to intubate. < Do not attempt to intubate until the cat is at a suitable depth of anesthesia; or, alternatively, consider using a supraglottic airway device (SGAD, see later) if the procedure permits its use. < oxygen saturation of hemoglobin in arterial blood (Spo 2 ) and end-tidal Co 2 (ETCo 2 ) should be monitored and oxygen supplementation continued in recovery, along with close observation of the patient.
These patients can decompensate rapidly so the team needs to approach these cases proactively and have all potentially needed equipment and supplies available before commencing sedation. Terbutaline (0.01 mg/kg SC) reduces complications during bronchoscopy and bronchoalveolar lavage, and should be considered when anesthetizing asthmatic cats. 50 onset of action after SC administration is 15-30 mins, so plan accordingly.
Obesity
51-53
Since obesity may affect drug pharmacokinetic parameters such as volume of distribution, bioavailability and clearance, anesthetic drug dosages should be based on the cat's ideal body weight. Mortality studies suggest a relationship between body weight and outcome; cats weighing more than 6 kg were three times more likely to die during the perioperative period as cats weighing 2-6 kg.
2 Preoxygenation using either a face mask or flow-by can assist in lengthening the time to desaturation, particularly in obese brachycephalic breeds. These cats need to have their oxygenation status closely monitored during the recovery period, and may require oxygen supplementation postoperatively due to hypoventilation.
Degenerative joint disease 54 Degenerative joint disease (DJD) may be present in cats of all ages, but the majority are 12 years or older. in addition, clinical signs are typically subtle. Therefore, exercise caution with patient positioning during anesthesia. one study found that 68.8% of cats selected for DJD studies also had concurrent chronic kidney disease. 54 
Urinary obstruction 33,39,55,56
Although one of the goals of therapy in obstructed cats is to restore urine flow, simply restoring urine flow and not correcting dehydration and electrolyte abnormalities appears to be associated with poor outcomes. in addition, if there are electrocardiographic changes related to hyperkalemia or the blood potassium concentration is >7 mEq/l (mmol/l), institute immediate therapy to protect the heart and to lower the serum potassium concentration prior to sedation or anesthesia.
one or more of the following treatments may be required: < Calcium gluconate 10% 0.5-1.5 ml/kg iV to stabilize cardiac conduction; given over 5-10 mins while monitoring the electrocardiogram. < iV administration of a balanced electrolyte solution for rehydration, dilution of extracellular potassium and restoration of acid-base balance. < An iV bolus of a short-acting insulin such as regular insulin 0.5 U/kg, plus an iV bolus of 25% dextrose at 2 g/U of insulin administered; this promotes intracellular uptake of potassium. Following the initial insulin and dextrose boluses, dextrose can be continued as a CRi.
For urinary catheter placement sedation may be needed; butorphanol 0.1-0.2 mg/kg (IM or IV) alone may be sufficient but additional sedation or general anesthesia may be required. A sacrococcygeal epidural block with a local anesthetic agent is easy to perform and highly recommended to provide analgesia and increase the success of urethral catheterization.
56
Critical patient emergencies [57] [58] [59] Evaluation of the critical feline patient ideally begins before the patient arrives at the hospital through the telephone conversation between the owner and a team member. The team member asks the owner specific questions that will help the team to proactively prepare for the cat's arrival. The cat's medical history should be obtained to verify that there are no pre-existing illnesses that will impact treatment. A hospital standard operating procedure (SoP) that details how the team receives and assesses the emergency feline patient is an extremely important tool that every team member should be familiar with. in addition, all team members should receive hands-on simulated training using different patient scenarios, along with education about feline-specific emergency characteristics. By doing this everyone knows what to do when an emergency case comes through the door. 
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The following are important facts to keep in mind when presented with an emergency feline case: < The average feline thorax can contain 300 ml of fluid before respiratory distress is seen. < The lung is the shock organ of the cat and the blood volume is less than that of dogs on a ml/kg basis; therefore, fluid therapy must be closely monitored. < in cats, shock typically results in bradycardia. < Cats have a limited ability to contract their spleen during hemorrhage. < With poor perfusion and lack of nutritional support, cats can quickly develop a catabolic state, which predisposes them to the development of hepatic lipidosis. < Cats presenting with seizures need to be evaluated for extracranial and intracranial causes because idiopathic epilepsy is uncommon in the cat. < Cardiac emergencies typically present with respiratory distress, syncope and/or hindlimb paresis.
Due to the cat's inherent ability to mask disease, many cats that present as emergency cases are already in a critical condition and additional stress or handling can result in sudden death.
Upon arrival at the hospital, the cat should be immediately assessed for life-threatening conditions. The primary survey focuses on the respiratory, cardiovascular, neurological and urinary systems. The respiratory and cardiovascular systems should be evaluated first.
Cats presenting with open-mouth breathing and an increased respiratory rate and effort typically have severe respiratory compromise and have a high risk of sudden death just from handling during the physical examination. Therefore, these cats should be immediately placed in an oxygen cage, if available, or be provided with flow-by oxygen with minimal handling. During this time, a dedicated technician should observe the cat and, once respiratory signs improve, alert the veterinarian so that the primary survey can be completed. if perfusion is significantly compromised and neurological deficits are noted during the physical examination, the perfusion deficits should be corrected first, and the neurological system re-evaluated.
once the cat is stabilized, a secondary survey is performed. During this time, a complete physical examination is conducted that evaluates the patient from head to toe. Depending upon what is discovered during this examination, additional diagnostic testing may be performed. Communication between the team and owner regarding patient status is very important during this entire process.
if a life-threatening condition develops that requires immediate surgery, every effort should be made to stabilize the patient first, especially if there is concurrent heart failure, intracranial hypertension, pneumothorax and/or pulmonary edema present. Pre operative assessment is extremely challenging in these critically ill cats, so checklists have been developed to help ensure that all systems are evaluated and monitored for change. Although 'Kirby's Rule of 20' was developed primarily to monitor small animal septic patients, the checklist has been used by emergency clinicians as a tool to monitor the critical patient so that, in the event the patient's condition worsens, treatment can be instituted immediately.
59
Anesthesia and sedation if needed, behavioral modification and/or pre-hospital sedation should be utilized to decrease anxiety and fear prior to a medical procedure. However, some cats will require sedation before they can be handled.
Procedural sedation
Procedural sedation uses agents such as tranquilizers, sedatives and analgesics (Table 7) , often with the addition of local anesthetics, so that some medical procedures can be performed without loss of consciousness; examples include bandage changes and diagnostics such as radiography and ultrasound examination. Benefits of procedural sedation include less physical restraint, decreased stress, simpler airway management, avoidance of inhalants and rapid recovery.
Two approaches are recommended: < Use sedative drugs such as dexmedetomidine with the expectation of a ceiling effect; consider whether this is sufficient for the required procedure. < incorporate an anesthetic (eg, ketamine, alfaxalone, tiletamine/zolazepam) into the mixture to provide good sedation at a low dose but which will anesthetize the animal at higher doses if required.
opioids, benzodiazepines and α 2 -adrenergic agonists are reversible, allowing rapid return to an awake state. 63, 65 Cats should always be provided a place to hide, as this will often alleviate fear, anxiety and frustration. [66] [67] [68] Cages can be furnished with cardboard boxes, high-sided cat beds or 'igloo' beds; the cat can then be removed from the cage while still in its hiding place and injected.
other techniques for injecting cats that are difficult to handle include transferring the cat from its carrier or cage to a humane trap (Figure 8 ), or using a squeeze cage ( Figure 9 ) for iM injection; alternatively, if the cat is in a soft-sided mesh carrier, it is often possible to inject through this.
Extra-label drug use
The approval of drugs mentioned in the Guidelines varies between countries and readers should be knowledgeable about regulations applicable to their own geographic location.
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Premedication
Drug dosages used for premedication should be tailored to the individual cat. opioids are useful for premedication and as part of procedural sedation (Table 8 ). Morphine and buprenorphine undergo hepatic metabolism with glucuronidation, so the duration of action of these tends to be longer because of the lack of functional glucuronyl transferase in cats. 69, 70 At the low doses of opioids generally used for premedication, the heart rate may decrease slightly. Anticholinergics can be used to reverse this effect if deemed necessary. Atropine (0.02 mg/kg) and glycopyrrolate (0.01 mg/kg) SC may increase heart rate by about 10% in combination with an opioid (P Pascoe, unpublished observations). Generally provides better quality of sedation than other opioids when used as a sole agent ‡ This is not a complete list of all possible combinations, but rather a series of examples of commonly used drug combinations. Doses and individual drugs will need to be tailored to the patient's and clinician's needs IM = intramuscular; IV = intravenous; OTM = oral transmucosal -under the tongue or buccally (place in the cheek pouch); SC = subcutaneous Table 7 Drugs used for procedural sedation Benefits of procedural sedation include less physical restraint, decreased stress, simpler airway management, avoidance of inhalants and rapid recovery.
Acepromazine has an inconsistent effect in cats and can make intraoperative hypotension more difficult to treat. 71 it is, however, anesthetic-sparing and is still widely used, often combined with other drugs such as opioids. Recommended doses range from 0.01-0.05 mg/kg (SC or iM); time to peak sedation may be up to 20-30 mins and the effects last 4-6 h. Acepromazine should not be used in the face of pre-existing hypotension, hypovolemia or dehydration.
The benzodiazepines do not appear to be suitable drugs for premedication alone or in combination with opioids in young or adult healthy cats due to unreliable outcomes including excitation and dysphoria. 19, 72 in geriatric or very sick patients, the benzodiazepines may produce more reliable sedation. α 2 -adrenergic agonists have been widely used in cats. Currently the most commonly used agents in this class are medetomidine and dexmedetomidine. These drugs provide reliable dose-dependent sedation. Cardiovascular effects include vasoconstriction, decreased heart rate (by 40%) and cardiac output (by 60%) and increased systemic vascular resistance (300%) with minimal change in blood pressure. 73 Following high doses, cats are profoundly sedated and have pale to blue mucous membranes but breathe well, maintain normal oxygenation and are eucapnic. 73 if α 2 -adrenergic agonists are used for premedication, the decreased cardiac output may slow the onset of subsequent Note: Opioids may need to be given more or less frequently and at higher or lower doses than listed above based on pain assessment *Currently unavailable and future availability is unknown. Note: at the time of press the availability of several opioids is variable in the United States and future shortages are predicted IM = intramuscular; IV = intravenous 
Key point
Opioids are useful premedicants in cats because they provide analgesia and some sedation, and decrease the stress of handling.
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S P E C I A L a r t i c l e / AAFP feline anesthesia guidelines example, use a commercially available impact-resistant plastic (eg, polycarbonate) or acrylic box with appropriate inflow and outflow openings and leak-proof seals. The cat must be observed at all times while in the chamber. Covering a cat carrier with a plastic bag to create a 'chamber' is not appropriate for the safety of the cat or personnel. if time permits, spray the chamber with feline facial pheromone (Feliway; Ceva Animal Health) 15-20 mins prior to use, or place a pretreated towel in the chamber. if a chamber induction is performed, the oxygen flow rate should be high and the vaporizer should be turned to the maximum setting. The cat should be removed from the chamber as soon as the righting reflex has been lost (tested by rolling the chamber from side to side), and a tight-fitting face mask applied with the oxygen flow and vaporizer settings decreased. A disadvantage of this technique is the unavoidable release of anesthetic gases and exposure of personnel when the cat is removed from the chamber.
Maintenance if an injectable anesthetic does not provide enough time to complete the procedure, anesthesia is most commonly maintained with an inhalant agent. The dose for inhalant anesthetics is higher in cats than in many other species. 80 isoflurane and sevoflurane have intravenous induction drugs. Anticholinergics should not be used with α 2 -adrenergic agonists because of the significant hypertension that may ensue. 74 Many cats vomit following administration of dexmedetomidine, a side effect that occurs more often with higher doses. The combination of dexmedetomidine with ondansetron or butorphanol reduces the incidence of vomiting, as does pretreatment with maropitant. [75] [76] [77] [78] [79] The addition of other classes or types of sedatives (Table 7) allows the use of lower doses of α 2 -adrenergic agonists.
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Induction induction of anesthesia may be achieved by SC, iM or iV administration of injectable drugs (Table 9) or by chamber or mask induction with inhalant anesthetics. The SC and iM routes are very useful for cats that are difficult to restrain for iV catheter placement. Sometimes a drug is administered at doses that chemically restrain the animal for catheter placement and then the same drug is titrated iV to achieve unconsciousness.
All induction drugs have the potential to cause significant respiratory depression, so preoxygenation should be standard practice (see later section on airway management). With most induction drugs, there is a possibility of excitation with low doses, so the initial bolus should be large enough to avoid this effect but small enough to minimize adverse cardiopulmonary events. However, titration to effect is important; after the initial dose, the cat should be observed, and the drug given time to take effect. if subsequent doses are required to reach the desired endpoint, they are given in small increments.
Chamber inductions
Chamber inductions should never be routine but rather a 'last resort' and only when other approaches have failed. Transferring the cat to an anesthetic induction chamber (many cats can be transferred by placing the open end of the carrier over the top of the chamber) allows the administration of an inhalant anesthetic without having to touch the cat.
Chamber induction in unpremedicated, agitated cats is the least desirable technique described in these Guidelines, since an agitated cat will require more inhalant anesthetic to achieve the desired endpoint. This increased inhalant anesthetic requirement results in severe depression of the cardiovascular system. Additionally, there is an increased release of catecholamines that predispose the cat to the development of cardiac arrhythmias.
if chamber inductions are performed, the cat must be visible within the chamber; for profound effects on the cardiovascular system, with cardiac output and blood pressure decreasing by 50-70% at concentrations required for surgery. Since this effect is partially reversed by noxious stimulation, it may not be apparent in a cat that is anesthetized and undergoes surgery within a few minutes of induction. However, in cats where there is minimal stimulation during non-invasive procedures (eg, clipping and skin preparation), the blood pressure should be monitored, and the vaporizer setting decreased if the cat becomes hypotensive. Settings as low as 0.5% isoflurane or 1% sevoflurane may be enough to maintain anesthesia and blood pressure during this phase. opioid CRis allow a reduction in the inhalant concentration and minimally affect the cardiovascular system (Table 10) . intraoperative opioids allow for a decreased inhalant concentration (up to 30%), while also decreasing changes in blood pressure and heart rate associated with the procedure. Ketamine also decreases anesthetic requirements. 81 Both lidocaine and dexmedetomidine can reduce the minimum alveolar concentration (MAC) but show no cardiovascular benefit when used as anesthetic adjuncts. 82, 83 Propofol and alfaxalone have been used for total intravenous anesthesia. Since propofol is conjugated in the liver to glucuronide, the recovery time will vary depending upon the dose and duration of the infusion. if the propofol dosage is kept low (0.1-0.15 mg/kg/min), the initial part of the recovery (time to extubation) is not affected. With longer infusion times full recovery (walking without ataxia) is delayed. 84 if higher doses are used, the cat may be anesthetized for several hours after the termination of the infusion. it is recommended to limit propofol infusions to <30 mins. While propofol containing 2% benzyl alcohol is safe and appropriate for induction of anesthesia in cats, this formula should not be used as an infusion due to the potential for accumulation of benzyl alcohol. 85 Recoveries following maintenance of anesthesia with alfaxalone infusions tend to be prolonged (1-2 h to standing) and occasionally the hyperesthesia associated with this drug can lead to a difficult recovery with side effects such as myoclonus, opisthotonus and vocalization. 86 
Airway management
Proper airway management is essential for safe anesthesia in cats. General anesthesia is associated with a loss of protective airway reflexes and respiratory depression. Thus, it is important to maintain a patent airway (ie, open and clear), prevent aspiration, and be able to deliver oxygen and inhalant anesthetics and support ventilation when required. Fluids and solid material pose aspiration risks and include gastrointestinal contents, mucus, saliva, blood, flushing fluids and debris from dental and other oral procedures.
Published data highlight airway-related problems as being a significant cause of anesthetic-related death and morbidity in cats. 2, 87 Most anesthetic deaths occur soon after anesthesia ends (within the first 3 h) and are commonly caused by airway obstruction. 2 The cat's airway is small and delicate, and the larynx is susceptible to spasm when stimulated and therefore easily damaged. Tracheal tears are also reported in cats, with outcomes ranging from full recovery with medical or surgical intervention to death or euthanasia. 88, 89 Use of a cuffed ETT is currently the most common technique for airway management. The appropriate techniques discussed in this section are necessary for atraumatic intubation.
Necessary equipment, materials and methods < A laryngoscope to facilitate visualization and atraumatic intubation. < An ETT of appropriate diameter. Most adult cats will require a 3.5-5.0 mm (internal) diameter but a range from 2.0-5.5 mm should be available. < The ETT should reach from the incisors to the tip of the shoulder (thoracic inlet) and be premeasured in length (Figure 10 ). The ETT can be cut to the correct length to minimize equipment dead space. if the ETT is pushed beyond the thoracic inlet, endobronchial intubation is possible. intrathoracic tracheal tears have a poor prognosis ( Figure 11 ). Adjunct agents used to decrease inhalant requirements JFMS CLINICAL PRACTICE 617
S P E C I A L a r t i c l e / AAFP feline anesthesia guidelines < Sterile water-soluble lubricant. This can enhance the airway seal at a given pressure within the cuff. Lubricate the cuff only (avoid the Murphy eye) immediately prior to starting preoxygenation or iV induction (see below). < 2% lidocaine (without epinephrine/ adrenaline), 0.2 ml in a 1 ml syringe (without a needle or catheter, since these can separate from the syringe and enter the airway), for topical application. Care should be taken with products that use a nozzle for delivery as high expulsion pressures may damage delicate laryngeal mucosa. in addition, the nozzle must be cleaned between each patient. < Cotton-tipped applicators to clear mucus and saliva.
Note that stylettes are rarely needed for routine endotracheal intubation but can be used to stiffen or alter the shape of the ETT. if stylettes are used, the tip should be blunt and remain within the lumen of the endo tracheal tube.
Technique for appropriate endotracheal tube placement < if the cat is tolerant, preoxygenate for 3 mins using a face mask (Figure 12a ) or flow-by technique (Figure 12b) . < Administer the iV induction drug. < Position the cat in sternal recumbency and check for general muscle relaxation before checking jaw tone. < identify the arytenoid cartilages and vocal folds ( Figure 13 ). Using a 1 ml syringe drop ⩽0.2 ml of lidocaine onto the arytenoids and wait 60-90 s (Figure 14 ). Be extremely careful that the tip of the syringe does not come into . if these cannot be seen on either side, the tube is not in the trachea. < After intubation, secure the ETT (eg, wrap gauze or plastic tubing around the tube and tie behind the ears). Attach the patient to the breathing circuit with oxygen flowing, check for a heartbeat and assess mucous membrane color. < inflate the cuff using 0.5 ml increments of air from a 3 ml syringe until no leak can be heard when the reservoir (rebreathing) bag is squeezed and the pressure in the breathing circuit is 16-18 cmH 2 o. ETT cuff pressure measurement devices are also available (eg, Tru-Cuff inflation syringe, http://tru-cuff.com) that will decrease the time taken for this step. < Look for condensation forming and disappearing on the inside of the ETT with each breath along with movement of the reservoir bag. if a capnograph is available, confirm intubation by observing for an appropriate Co 2 reading or waveform on expiration. Palpation of the neck should reveal one firm tube (the trachea); if two are felt, the ETT is in the esophagus.
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Alternative airway options
Because of the challenges and risks associated with cuffed ETTs, the 'pros and cons' of these and alternatives techniques should be considered, as outlined in Table 11 .
Considerations for airway management
The choice of technique for airway management depends on several factors including length of the procedure, patient position, type of anesthetic and procedure, obesity, co morbidities, facial conformation (eg, brachycephalic breeds) and frequency of anesthesia (eg, daily anesthesia for radiation therapy).
A feline-specific SGAD (v-gel; Docsinnovent) is a suitable alternative to an ETT (Figure 17 ). Studies show that the time to obtain a clinically acceptable capnograph reading was shorter when an SGAD was used compared with 
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S P E C I A L a r t i c l e / AAFP feline anesthesia guidelines an ETT, fewer attempts were needed, and less propofol was required. 90, 91 The device is suitable for spontaneous ventilation and for controlled mechanical ventilation up to 16 cmH 2 o. 91 Less airway discomfort and stridor and greater food intake were documented after use of an SGAD compared with an ETT; 90 this may be because the device does not enter the trachea (Figure 18) .
As with ETTs, a capnograph is valuable for verifying placement and monitoring during a procedure. 
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Perioperative management
Goals of the preanesthetic period are to minimize patient stress, prepare an individualized anesthesia and analgesia plan, anticipate potential complications and assemble monitoring and support equipment.
Checklists
Checklists aid in consistent preparation and improve patient safety. For example, in humans, the use of checklists for specific procedures and scenarios has been shown to significantly decrease morbidity and mortality. 92 Veterinary checklists are now available and are highly recommended. 93 Veterinary anesthesia checklists are available at: https://ava.eu.com/resources/ checklists/.
IV catheter placement and fluid therapy in almost all situations, placement of an iV catheter is optimal prior to anesthesia as it allows for administration of emergency medication, additional anesthetic and analgesic delivery, and fluid administration. Patients undergoing very short procedures do not necessarily require fluids, yet still benefit from an iV catheter. To minimize patient stress, perform iV catheterization after administration of a sedative alone or in combination with an anxiolytic.
Fluid therapy considerations in cats include: < A blood volume of 50-60 ml/kg (vs 80-90 ml/kg in a dog). < The potential for occult cardiac disease. < The difficulties of accurate fluid delivery (a challenge in all small patients).
The recommended intraoperative fluid maintenance rate is 3 ml/kg/h of a balanced crystalloid solution in healthy adult cats undergoing routine procedures. 47 
Emergency drug calculations
All patients undergoing anesthesia are at risk of complications. An emergency drug sheet should be calculated for each patient undergoing anesthesia that includes, as a minimum, patient-specific emergency doses and volumes of atropine, epinephrine/ adrenaline, lidocaine, glycopyrrolate, atipamezole and naloxone, and crystalloid and colloid fluid boluses for treatment of anesthetic hypotension (see Table 12 ).
Monitoring during anesthesia
Cats are sensitive to the cardiovascular and respiratory depressant effects of inhalant agents; significant decreases in mean arterial pressures have been reported with isoflurane at <1 MAC). 94 Clinical research confirms that adverse events related to anesthesia can be mitigated by monitoring. Brodbelt and colleagues reported that pulse and pulse oximetry monitoring was associated with a lower mortality rate and thus should be performed routinely. 2 Monitoring respiratory function and body temperature are also important to enable early intervention, and there is evidence that having a dedicated anesthetist decreases mortality in veterinary patients. 1 in addition, the importance of frequent intra operative monitoring and documentation of trends cannot be overemphasized when it comes to patient safety. Effective team communication is paramount.
Critical components of monitoring include: < Physical observation of the patient's clinical condition; < Circulation; < oxygenation; < Ventilation; < Body temperature.
Patient's physical condition
Monitoring includes physical observation of the patient and their anesthetic depth while focusing on specific physiologic variables using one's eyes, ears and hands to provide physical assessment and verification of: < Heart rate and rhythm; < Respiratory rate; JFMS CLINICAL PRACTICE 621
S P E C I A L a r t i c l e / AAFP feline anesthesia guidelines < Presence of a pulse; < Mucous membrane color; < Jaw tone; < Palpebral reflexes; < Patient movement; < Response to surgical stimulation.
Monitoring equipment is an extension of the physical senses but is not a substitute for physical assessment of the patient by the anesthetist.
Modality
Reliability in cats Comments
Manual palpation ++ Small patient size makes palpation challenging ECG + Small patient size often associated with poor ECG signal; ECG rate (electrical activity) is not the same as heart rate (physical contraction/pulse) + = Poor reliability; ++++ = very reliable; ECG = electrocardiography Table 13 Methods for monitoring heart rate during anesthesia Circulation Pulse, heart rate and rhythm, and blood pressure are the basis for assessing the circulatory system. The attributes of different modalities for monitoring heart or pulse rate are shown in Table 13 . The normal heart rate in anesthetized cats is 100-180 bpm. Algorithms are helpful to aid troubleshooting and for recommending actions to take if the heart rate falls outside these normal limits (Figures 19 and 20) . Blood pressure also provides information about cardiovascular function. Hypotension is a common anesthetic complication, even in healthy cats undergoing short procedures. The Panel recommends monitoring and docu- The normal heart rate in anesthetized cats is 100-180 bpm.
Yes
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S P E C I A L a r t i c l e / AAFP feline anesthesia guidelines in the opinion of a number of anesthesiologists, hypotension was defined as a systolic arterial pressure (SAP) <87 mmHg and a mean arterial pressure (MAP) <62 mmHg. 95 For the purposes of these Guidelines the Panel suggests an SAP <90 mmHg and an MAP <60 mmHg. Figure 22 presents a practical guide for treatment of intraoperative hypotension. if the patient's blood pressure is not improving with therapy and the procedure allows, consider discontinuing anesthesia and allowing the patient to recover. Also, consider consulting with an anesthesia expert or modifying the patient's anesthesia plan for subsequent anesthesia.
Arrhythmias in cats under anesthesia warrant further investigation and this is discussed in the later section on perioperative complications.
Oxygenation
While many hospitals rely on pulse oximetry to determine oxygenation, it is important to understand the limitations of this approach. Patients breathing 100% oxygen are typically protected from hypoxemia, so when the pulse oximeter reading is <90%, the patient is in serious trouble. For this reason, the pulse oximeter is often considered a crisis monitor. The pulse oximeter can be a very finicky monitor (eg, affected by minor movement and fluorescent lighting) and, as such, its alarms are often ignored. it is recommended to use a pulse oximeter with a waveform display because, if the waveform is steady, this indicates a good signal quality; causes of a low reading then need to be evaluated quickly.
Modality
Reliability in cats Comments
Manual palpation 
Ventilation
Although the gold standard for monitoring ventilation is measuring arterial blood gases, it can be difficult to obtain a sample and equipment for analysis is not available in many hospitals. Even though the respiratory rate is a poor indicator of respiratory function some assessment of the patient's tidal volume can be made by looking at the reservoir bag; however, due to the small tidal volume of cats, this is challenging. A clinically valuable tool that evaluates respiratory and equipment function is capnography with a visual waveform equipped with a pediatric or low dead space capnograph adapter (Figure 4) .
Hypo ventilation and subsequent hypercapnia are common during anesthesia; 87 Figure 24 provides a guide to ascertaining the cause and how to resolve it. 
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Perioperative complications
Hypotension
Significant myocardial depression and decrease in cardiac output is common in cats when inhalant anesthetics are used in the absence of a noxious stimulus, resulting in hypotension (SAP <90 mmHg, MAP <60 mmHg). The first approach to treatment is to decrease the concentration of the inhalant, based on an evaluation of anesthetic depth (eg, jaw tone, heart rate, blood pressure). During patient preparation prior to surgical stimulation, this may mean reducing the isoflurane or sevoflurane vaporizer setting to 0.5% or 1%, respectively. These concentrations are usually insufficient for a surgical procedure and the need to increase the concentration at the start of surgery should be anticipated. if the blood pressure remains low, then a fluid bolus (balanced electrolyte solution) should be administered at 3-10 ml/kg, but up to 15 ml/kg may be required, over 5-15 mins. in cats with known cardiomyopathy or anuric renal failure a fluid bolus may be contra indicated. if anesthetic depth is deemed appropriate, provision of supplemental drugs should be considered so that the vaporizer setting can be reduced (Table 10) .
With persistent hypotension a positive inotrope should be administered. A CRi of dopamine is recommended, starting at 5 µg/kg/min. 96 This should increase cardiac output and blood pressure. if the initial infusion rate is not effective the dose should be increased within 5 mins. Typically, the dosage is increased in 2.5 µg/kg/min increments, but smaller or larger changes may be needed depending on the cat's response. Dobutamine or ephedrine have also been used to treat hypotension in this setting. Dobutamine should only be administered as a CRi, at a rate of 1-5 µg/kg/min. Ephedrine (0.03-0.2 mg/kg iV) is diluted in 5.0 ml of a balanced electrolyte solution and then administered in small iV boluses. Dobutamine and ephedrine may be less effective at increasing blood pressure. As with other sympathomimetics, ephedrine may promote arrhythmias.
Hypothermia
Cats are susceptible to hypothermia due to their high surface area to body mass ratio. Shivering during recovery increases oxygen consumption and discomfort. Hypothermia depresses immune function and has been linked to an increased incidence of wound infections and delayed healing time. 97, 98 Heat is lost mainly by radiation, with contributions from evaporation and conduction. Because the most effective method for preventing heat loss is to increase room temperature or surround the animal with a warm environment, methods to maintain body temperature should be initiated in the patient-holding area before premedication, and continued during anesthesia and recovery. Maintaining core body temperature using an active warming approach, such as forced warm air devices and medical grade electric and circulating warm water blankets, will be more effective than passive heatretaining methods such as blankets, towels and bubble wrap, although insulation should be promoted over doing nothing. Limiting the clipped area, using warmed scrub solutions and keeping the cat dry are also important. The thermal costs of fluid therapy and dry cold gases from the breathing circuit are minor, but providing warm fluids and warm humidified gas may decrease heat loss. 99 Temperature monitoring should continue postoperatively to prevent hypo-or hyperthermia.
Hyperthermia
Rebound hyperthermia has been reported in cats after general anesthesia or sedation, with recorded temperatures as high as 41.1-42.2°C (106-108°F). While hydromorphone administration was first reported to be associated with hyperthermia, several other opioids and ketamine can result in an increase in body temperature. [100] [101] [102] However, this is not a reason to withhold opioid analgesics. The magnitude of hyperthermia may be related to the degree of hypothermia during anesthesia. Posner and colleagues reported that patients with the lowest core body temperatures at the end of anesthesia became significantly more hyperthermic during recovery. 101 Treatment for hyperthermia is generally supportive, including measures such as sedation with acepromazine (vasodilation), removing heat sources, wetting the animal with lukewarm water and using a fan. Nonsteroidal anti-inflammatory drugs (NSAiDs) do not appear to decrease core body temperature in this scenario but small doses of nalox- 
JFMS CLINICAL PRACTICE 627
S P E C I A L a r t i c l e / AAFP feline anesthesia guidelines one (1-5 µg/kg iV) have been anecdotally shown to be effective at restoring temperature to a normal range. The temperature of most patients will return to normal in a matter of hours without intervention, so the benefit of naloxone should be carefully considered in the overall pain management plan.
Cardiac arrhythmias
Cardiac arrhythmias are uncommon in cats, but this does not preclude the use of ECG monitoring. The most commonly encountered arrhythmia is synchronous atrioventricular (AV) dissociation, a type of idioventricular rhythm where the ventricular depolarization rate closely approximates the atrial rate, but normal AV conduction is absent (Figure 25 ). This is typically caused by a sinus bradycardia that is slightly slower than the depolarization rate of a ventricular focus. This arrhythmia generally resolves spontaneously and may not require treatment if the heart rate is adequate. This bradyarrhythmia may respond to administration of an anticholinergic (atropine or glycopyrrolate).
other arrhythmias, including ventricular and atrial premature complexes and other ventricular tachyarrhythmias, are rare but should prompt the clinician to discuss pursuing further cardiac work-up with the client due to the high likelihood of structural cardiac disease. 103 in the anesthetized cat, ventricular arrhythmias may respond to lidocaine (0.25-0.5 mg/kg iV) and supraventricular arrhythmias to esmolol (0.1-0.5 mg/kg iV). if no positive response is noted, consideration should be given to terminating anesthesia if possible and pursuing further diagnostic testing.
Anesthesia recovery
Sixty percent of all anesthetic-related cat deaths occur during the recovery period, especially the first 3 h. 2 Therefore, monitoring during this time should be maintained with the same vigilance as during anesthesia. if the patient's urinary bladder is very full or surgery/disease will interfere with the patient's ability to use a litter box, consider carefully expressing the bladder prior to return of consciousness to help decrease postoperative discomfort.
Patient parameters that should be monitored in recovery include heart rate, pulse quality and rate, respiratory rate and pattern, oxygenation (pulse oximetry), blood pressure and body temperature, continuing until they have returned to within normal reference intervals. intravenous catheters should remain in place until the patient's vital signs return to normal and the patient is in sternal recumbency.
A dark quiet recovery area with warm bedding will help reduce patient anxiety. Direct visualization of the patient should be maintained, and the litter box and food bowl should not be placed in the recovery cage until the cat is sternal and alert.
optimal recovery includes regaining consciousness and extubation (if applicable) within 15-30 mins of the end of anesthesia (depending on maintenance technique and patient status), maintaining normal temperature, heart rate and respiratory rate, no coughing or upper respiratory noise, no paddling or muscle rigidity, no agitation or vocalization and regaining sternal recumbency. Dose-dependent respiratory depression can occur with anesthetic agents that leads to a decrease in respiratory rate and an increase in ETCo 2 . A capnograph should be kept on the end of the endotracheal tube until the patient is extubated to help assess ventilation status.
Common complications in the immediate postanesthetic period include delayed recovery, dysphoria and emergence delirium. Delayed recovery is generally multifactorial, but often attributed to a combination of hypothermia, hypovolemia and impaired intrinsic drug metabolism. Treatment for delayed recovery is generally supportive and focused on thermal support and tissue oxygen delivery (eg, iV fluids, active warming devices and oxygen supplementation). if residual drug effects are thought to be contributing to delayed recovery, titration of specific reversal agents should be considered, with the understanding that reversal may impact analgesia. Naloxone, nalbuphine or butorphanol may be used to reverse opioids; these can be diluted 1:10 with a balanced Troubleshooting prolonged recovery electrolyte solution and slowly titrated (0.1 ml increments every 15-30 s) until the cat shows signs of arousal, stopping at that point and only continuing or repeating if necessary. Flumazenil is a specific reversal agent for benzodiazepines and atipamezole is used to reverse α 2 -adrenergic agonists. Figure 26 provides guidance in the event of a prolonged recovery.
Emergence delirium usually manifests as thrashing, rolling and uncoordinated efforts < Induction drugs have the potential to cause significant respiratory depression, so preoxygenation should be a standard practice whenever possible.
< The dose of inhalant anesthetics is higher in cats than in most other species, resulting in the potential for significant cardiovascular depression, and prolonged or dysphoric recovery.
< Most feline anesthetic deaths are due to obstruction of the cat's small and delicate airway, so equipment and techniques for maintaining and monitoring a patent airway during and following anesthesia are critical, along with close observation during recovery.
< The Guidelines include resources designed to minimize risks associated with anesthesia; namely, checklists that ensure consistent preanesthetic preparation, and protocol algorithms for monitoring the patient's condition and physiological parameters and responding to complications during anesthesia. Perioperative management techniques described in the Guidelines will minimize complications during anesthesia and improve the likelihood of a smooth and uneventful recovery.
SUMMARY points
to get away from perceived restraint or handlers. Pain is the most common differential for this behavior and should be managed with opioids and/or an NSAiD if these have not already been given or, after assessment, are considered inadequate. Continued attempts at restraint will likely result in escalation of the cat's behavior. if there are no contraindications, a small dose of dexmedetomidine (0.5-5 µg/kg iV) or medetomidine (1-10 µg/kg iV) can be titrated to effect and will provide 15-30 mins of sedation, to allow time for metabolism and elimination of other anesthetic agents, and generally providing for a smoother, less excited recovery.
Dysphoric recoveries can be attributed to pain, drug administration (opioids, ketamine, alfaxalone, benzodiazepines) and hypoxemia. Antagonism of benzodiazepines or opioids (if administered) may alleviate dysphoria, provided that adequate analgesia is maintained. Airway obstruction, bronchoconstriction and laryngospasm can all contribute to hypoxemia. if after extubation the cat cannot maintain normal respiration, it may panic. in such cases, administer a sedative, give supplemental oxygen and assess the respiratory function of the patient; in some cases, the cat may need to be re-anesthetized and intubated. Figure 27 provides guidance for troubleshooting dysphoria during recovery.
